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ABSTRACT 

We have identified two new galaxies with gas counter-rotation (NGC 1596 and 
NGC 3203) and have confirmed similar behaviour in another one (NGC 128), this 
using results from separate studies of the ionized-gas and stellar kinematics of a well- 
defined sample of 30 edge-on disc galaxies. Gas counter-rotators thus represent 10±5% 
of our sample, but the fraction climbs to 21 ± 11% when only lenticular (SO) galax¬ 
ies are considered and to 27 ± 13% for SOs with detected ionized-gas only. Those 
fractions are consistent with but slightly higher than previous studies. A compila¬ 
tion from well-defined studies of SOs in the literature yield fractions of 15 ± 4% and 
23±5%, respectively. Although mainly based on circumstantial evidence, we argue that 
the counter-rotating gas originates primarily from minor mergers and tidally-induced 
transfer of material from nearby objects. Assuming isotropic accretion, twice those 
fractions of objects must have undergone similar processes, underlining the impor¬ 
tance of (minor) accretion for galaxy evolution. Applications of gas counter-rotators 
to barred galaxy dynamics are also discussed. 

Key words: galaxies: individual: NGG 128, NGG 1596, NGG 3203 - galaxies: kine¬ 
matics and dynamics - galaxies: nuclei - galaxies: evolution - galaxies: ISM - galaxies: 
interactions. 


1 INTRODUCTION 


It has been already almost 20 years since the phe¬ 
nomenon of_comter^tation in disc galaxies was dis¬ 
covered llOallettal bnt both the exact incidence 

and the origin of counter-rotating gas and stars re¬ 
main to be clarified. Most statistical studies indicate that 
ronghly 20-25% of all lenticnlar (SO) galaxies with de¬ 
tected ionized-gas (nsnally observed through optical emis¬ 
sion fines) contain a n on-negligible fraction of gas-stars 
connter-rotation (e.g. iBertola, Buson fc Zei linger] [l992^ 
iKuijken^Fislrer fcMernfield ImOOI : iKannappanA Fabricand 


I200ll ~ lplzzell^^^n ~ l2004ll . typically in the central re¬ 

gions. The fraction is much lower in l a ter type sys¬ 
tems (e.g. iKannapoan fc Fabricanj 120011 IPizzella et alJ 
l2004l . presumably because co-rotating and counter¬ 
rotating gas can not coexist at a given radius. Galax¬ 
ies with counter-rot ating HI or CO gas are also known 
(e.g. NGC 4826, iBraun. Walterbos fc KennicuttI Il992t 
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NGC 3626. lGurcia-Burillo. Semoere fc Betton^l998^ . but to 
our knowledge no sound statistics exists. The fraction of SOs 
with stars-stars counter- rotation is also much lower (at most 
10% but perhaps lower: iKuiiken et al.lll99^ IPizzella et alJ 
[20^), perhaps due to the increased difficulty of detecting 
small numbers of counter-rotating stars. Generally, how¬ 
ever, the number of objects on which well-defined studies 
are based is still rather small, and it is still the case that 
most known counter-rotators wer e discovered fo rtuitously in 
targeted studies (e.g. NGC 4 546. rGallet,talll987l : NGC 4138, 
I.Tore. Broeils fc HavnedFlOOfil . 

Our goal in this paper is thus to improve the (ionized- 
gas) counter-rotation statistics in SO galaxies and summa¬ 
rize the current situation. Since counter-rotating material 
is a strong argument in favour of hierarchical galaxy for¬ 
mation scenarios, this is an important goal. In the interest 
of conciseness, we do not discuss here the issue of counter- 
rota tion in ellipti cal galaxies, although it is probably related 
(see IP.ubinl [19941 and ISchweiz^ll998l for general reviews of 
galaxies with misaligned angular momenta). 

In Sectionl^ we describe gas and stellar kinematics ob¬ 
servations of a large sample of edge-on disc galaxies. The 
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structure, kinematics, and environment of 2 newly discov¬ 
ered ionized-gas counter-rotators and 1 known object are 
discussed in detail in Section El In Section EJ we quantify 
the incidence of counter-rotators using all available obser¬ 
vations and discuss their possible origin through continuous 
gas infall and/or discrete gas and satellites accretion. Appli¬ 
cations of gas counter-rotators to barred galaxy dynamics 
are also discussed. We conclude briefly in Sectional 


2 OBSERVATIONS 

2.1 Sample and data reduction 

Our sample consists of 30 edge-on disc galaxies from the cat- 
al oKS of g a laxies w ith a boxy or peanu t-shaped (B/PS) bulge 
of jjarvia (Il98(jl . IShawl (Il987tl and El Souza fc dos Ani^ 
<198111 . and fro m the catalog of galaxies with an extreme 
axial ratio of I’Karachentsev. Karachentseva, fc Pa.rnovskvl 
Jl99.3h . 80% have a B/PS bulge and roughly three-quarters 
either have probable companions or are part of a group or 
cluster, although some are probably chance alignments so 
the sample is not biased either against or for galaxies in a 
dense environment. We warn that t he usual morph ological 
classification into Hubble type (e.g. ISandag^ll96lll is un¬ 
certain for edge-on galaxies, since the bulge-to-disc ratio is 
effectively the only usable criterion. 

The observations from the Double Beam Spectrograph 
on the 2.3-m telescope at Siding Spring Observatory were 
already discussed elsewhere. The red arm of the spectro¬ 
graph, used to study the ionized-gas k inematics of the sam¬ 
ple galaxies JBureau fc Freemanlll99^ . was centred on the 
Ha A6563 emission line, covering roughly 950 A with a spec¬ 
tral resolution of 1.1 A (50 km s~^l. The blue arm, used for 
the stellar kinematics llChune fc Burea'ull2004l . was centred 
on the Mg6 A5170 absorption triplet, covering again roughly 
950 A with a 1.1 A (50 km s spectral resolution. The see¬ 
ing was typically 1.0-1.5 arcsec. All data were reduced and 
an alysed using standard softw are and methods and we refer 
to iBureau Kl Freem^ l|l99^tl and IChung fc BureaiJ l|2QQ4h 
for further details. We note that we have not extracted 
ionized-gas rotation curves from our data, the entire two- 
dimensional spectra or position-velocity diagrams (PVDs) 
constituting our final products. 


2.2 Results 

By comparing the ionized-gas and stellar kinematics, 3 
galaxies out of the sample of 30 show clear ionized- 
gas counter-rotation. That is, the ionized-gas is rotat¬ 
ing in the opposite direction to the bulk of the stars. 
Those galaxies, along with their ionized-gas and stellar 
kinematics, are shown in Figure ^ We note that the 
orientation of the slit was inv e rted for NGC 128 and 
NGC 1596 in IChung &: Bureail i2004h . and it has been 
corrected here. This has however no bearing on the de¬ 
tection of counter-rotation. Basic properties of the galax¬ 
ies a re listed in Table CT NGC 128 is a well-studied cas e 
(e.g. lEmsellem fc Arse^ultl Il997l: iD’Qnofrio et al.l ll99Sti . 
but counter-rotation in NGC 1596 and NGC 3203 is reported 
here for the first time. 

As in many previous cases ('e.g. lBertola et al.ll992^ . the 
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Figure 1. Stellar and ionized-gas kinematics of NGC 128 (top), 
NGC 1596 (middle) and NGC 3203 (bottom). Each panel shows, 
from top to bottom and spatially registered, a grayscale image of 
the galaxy (with contours) from the Digitized Sky Survey (DSS), 
the stellar rotation curve (white dots) overplotted on a stellar 
absorption line, and the stellar rotation curve (black dots) over¬ 
plotted on an emission line position-velocity diagram (here [OIII] 
A5007). For all three galaxies, the ionized-gas is clearly limited to 
the central regions and counter-rotating with respect to the stars. 
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Table 1. Basic properties of the galaxies with gas counter-rotation 


Quantity 

NGC 128 

NGC 1596 

NGC 3203 

Source 

Right ascension {J2000) 

00*'29“'15!0 

04^27™38D 

10®19“'33!8 

NED 

Declination (J2000) 

+02°51'51" 

-55°01'40" 

-26°41'56" 

NED 

Heliocentric velocity (km s~^) 

4241 

1510 

2424 

NED 

Distance (Mpc) 

60.3 

17.5 

32.4 

HyperLeda 

Morphological type 

SO pec 

SAO: 

SA(r)0+? 

NED 

Apparent diameter (arcmin; = 25 mag arcsec“^) 

3.0 X 0.9 

3.7 X 1.0 

2.9 X 0.6 

NED 

Total apparent B magnitude 

12.7 

12.0 

13.0 

HyperLeda 

Total absolute corrected B magnitude 

-21.4 

-19.3 

-19.9 

HyperLeda 


NED: NASA/IPAC Extragalactic Database: http://nedwww.ipac.caltech.edu/index.html 
HyperLeda: http://www-obs.univ-lyonl.fr/hypercat/ 


counter-rotating gas is limited to the inner bulge-dominated 
region of the galaxies, with radial extent of order 1 kpc. 
However, since the ionized-gas is clearly asymmetric, since 
its extent clearly depends on the depth of our spectra and on 
our ability to recover emission lines, and since our spectra 
are not flux calibrated, we refrain from discussing the exact 
sizes and masses of the counter-rotating discs. 

Suffice it to say that while the ionized-gas appears fairly 
regular in NGC 128 and NGC 1596, it is rather unsettled in 
NGC 3203. Except for a hint of ionized-gas at large positive 
velocities in NGG 128, the ionized-gas detected always ap¬ 
pears confined to a region with rising, approximately solid- 
body rotation. We refrain from plotting velocity dispersion 
measurements, as the emission lines are generally unresolved 
spectrally. We also note that our long-slit observations can 
not constrain the exact alignment of the ionized-gas. The ob¬ 
served counter-rotation only implies a kinematic (and angu¬ 
lar momentum) misalignment between the stars and ionized- 
gas between 90 and 270°. 

While the ionized-gas in NGG 128 is consistent with 
being in a ring (which, if circular, yields a straight line in 
a PVD), that in NGC 1596 clearly is not, or at least the 
ring must have a significant width. A ring of ionized-gas 
in NGC 3203 could only explain the observations if very 
patchy; it is more likely that the gas is substantially dis¬ 
turbed. 

To gauge the immediate environment of the galaxies, 
15 arcmin x 15 arcmin DSS images of NGC 128, NGC 1596 
and NGC 3203 are shown in Figure]^ 

3 THE GALAXIES 
3.1 NGC 128 

NGC 128 (SO pec) is the prototype of galaxies with 
a B/PS bulge, bein g recog niz ed as su ch alre ady in 
Burbidge fc Burbidgel (Il959ll . ISandagel il96lll . and 
Hodg^^MereiTand ilOOoli . Good quality optical and 
near-infr ared (NIR) surf ace _ photome try is avail¬ 

able in Ide Carvalho et ^ (Il991fl and iTerndrup et alJ 
<1994. respectively, a s well as later publicatio n s (e.g . 
^^^^en^&^^^enaul^ __[]il9d:^_ |P’Onofrio et ^ 1199911 . 

Sha^^Detonr^^^BarteIdre^(ll99oll attempted to quantify 
the main global paramet ers describing the peanut shape of 
the bulge (but see also ISchwa rzkopf fc Dettm^ l2000allbL 

l200ll:l^ Souza et al.ll2004[l. 


iBertola fc Gapacciolil (ll977^ first discussed the stellar 
rotation curye of NGC 128 and detected its “double-hu mp” 
structure, nicely confirmed by lD’Onofrio et alJ <199911 . Al- 
though ionize d -gas emission had already been detected, 
iKuiiken et alj jl996ll fi rst pointed ou t th at it is counter- 
rotati ng lEmsSfeii^r^rsenault) <1997^ and iD’Onofrio et alJ 
<1999^ published comprehensiye studies of the structure and 
stellar/ionized-gas kinematics of NGC 128, confirming the 
counter-rotation of the ionized gas and showing that it 
is tilted by « 25-40 deg with respect to the main (equa¬ 
torial) plane of the g alaxy (see also iMonnet et a il ll995l: 
iD’Onofrio et alJ 119971) . The main disc and B/PS struc- 
ture haye largely ide ntical and uniform colours (see also 
iTerndrup et alJ|l994 . but the counter-rotating disc is yis- 
ible as a slight reddening in the central regions and is 
thus probably dusty. Re l ying on N-body sim ulations (e.g. 
ICombes fc Sa,nd^ll98ll : ICombes et al l fl990l) . the peanut- 
ness of the isophotes, the counter-rotating but tilted ionized- 
gas disc (see Section liL an d the gaseous cylindrical rota¬ 
tion, ^mseUe^^^^senauI^ <1997^ argued that the peculiar 
shape o f NGC 128 is due to an edge-on bar yiewed nearly 
side-on. ID’Onofrio et alJ <1999l) also convincingly showed 
cylindrical rotation in the st ars, as expected for barred 
galaxies viewed edge-on (e.g. ICombes et alj[l99f<) . and a 
plateau in the major-axis light p rofile, traditionally asso¬ 
ciate d with edge-on bars f see.jj^g[^ jBuTeau_fc^tlumassoulal 
I 2 OO 5 I and references therein). IChung fc ’BureauTil^OOy later 
used the characteristic shape of the stellar kinematic profiles 
(V, a, hs and /i 4 ) to argue along similar lines. 

NGC 128 is in a compact group and is clearly interacting 
with its neighbors NGC 127 (SA0°; AV » 190 km s~M and 
NGC 130 (SA0“; AV « 190 km s~^). lBeckman et alJ <1994 
briefly explored the dynamics of the triplet. The galaxies 
NGC 125 ((R)SAO-I- pec; AV ss 1065 km s“^) and NGC 126 
(SB0°; AV ~ 10 km s“^), slightly farther away but also 
visible in Figure|21 are also part of the same group (although 
NGC 125’s redshift is rather high). To our knowledge, no gas 
is detected within the central parts of the group except for 
NGC 128’s counter-rotating disc. Dust is however present 
and peaks where NGC 128 interacts with NGC 127 (-^ 6 x 
10® Mq of dust; jD^OnoM^^^yj^99 ) and NGC 125 has 
an H1 detection <Ghamaraux et aJll987 ). New improved H1 
observations will also be presented in a future publication 
(in preparation). 

A search within a projected radius R = 0.5 Mpc from 
NGC 128 using NED reveals many other possible compan¬ 
ions, most with unknown redshifts but a number with similar 
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Figure 2. Immediate environment of NGC 128 (top), NGC 1596 
(middle) and NGC 3203 (bottom). Each panel shows a 15 ar- 
cmin X 15 arcmin DSS image centred on the galaxy, with the 
usual orientation of North up and East to the left. 


ones: UGC 286 (Sbc; /SV ~ 230 km s -R = 0.19 Mpc), 
IC 17 (S; AV « 75 km R = 0.30 Mpc), UGC 281 
(Scd; AU « 55 km R = 0.42 Mpc), LSBC F824- 
10 (dl; AU « 175 km R = 0.45 Mpc), UGC 277 
(Scd; AU « 120 km s“^; R = 0.47 Mpc) and UGC 275 
(SAB(rs)b pec; AU « 145 km R = 0.50 Mpc) . Many 
are Hl-rich. See also ICarcial il993ti. Iciuricin et, alJ i200(il . 
iFocardi fc KelnJ 1 I 2 OO 2 I) and ^ameilae^dTil200^i ‘fa' studies 
of group membership. 


3.2 NGC 1596 

Little detailed information on NGC 1596 i s avail able in 
the literature. As for NGC 128, IShaw et al.l (Il99ffl quan¬ 
tify the glob al parameters describing the boxy shap e of the 
bulge, while Ijorgensen. Franx fc KiaergaardI (^1995^ present 
more general global results, also from optical surfa c e pho - 
tometry. A more detailed analysis bv IPohlen et alJ ll2004ll . 
who attempted but failed to ht a thin plus thick disc 
model, reveals an extended, roughly speroidal but some¬ 
what distorted outer envelope, which they suggest might 
be related to an inter action with NGC 1602 (see below). 
iBothun fc Gregl lll99rfl obtained both optical and NIR pho¬ 
tometry and showed that, like most of their SO sample, the 
NIR-NIR colors of the bulge and disc of NGC 1596 are sim¬ 
ilar, indicating a similar metalicity, while the optical-NIR 
colors are signihcantly different, suggesting a younger disc 
(in the mean). 

The only spatially resolved kinematic observations 
available for NGC 1596 are the cu rrent ionized-gas k i nemat - 
ics and the stellar kinematics of IChung fc BureaiJ ijiooj, 
who argued that the B/PS bulge of NGC 1596 is due to an 
edge-on bar viewed nearly end-on. 

NGC 1596 forms a pair and is most likely interacting 
with the Hl-rich galaxy NGC 1602 (IB(s)m pec; AU « 
60 km s“^) only 3.0 arcmin away and easily visible in 
Figure There are again many other possible compan¬ 
ions within a 0.5 Mpc projected radius, but only three 
galaxies have a similar known redshift: NGC 1581 (S0“; 
AU « 90 km s“^ R = 0.13 Mpc), ESO 157-G 030 
(E4; AU « 40 km s“^ R = 0.25 Mpc), and NGC 1566 
(R'SAB(rs)bc; A U « 5 km R = 0 .34 Mpc). See also 
iMhja et alJ (Il989h . Iciuricin et alJ i20nfil and iKilborn et all 
^2005^ for studies of group membership. NGC 15 96 was not 
detec t ed by IRAS but is a pparently H I-rich (e.g. iReif et alJ 
I 1982 I : iKilborn et al.l l2005^ , although it is unlikely that a 
single-dish telescope could disentangle its flux from that of 
NGC 1602. Rece ntly acquired HI sy nthesis observations will 
clarify the issue (IChung et al.ll2f)0m . 


3.3 NGC 3203 

No in- depth study of NGC 3203 e xists in the literature, al¬ 
though j^^Cr^^^^e^U^ (I 1997 II present broadband opti¬ 
cal imaging and argue for an increasing disc scaleheight with 
(projected) radius, which they attribute to the gradual dom¬ 
inance of a thick disc over the thin disc. Ide Criis fc Peletierl 
i200rii however show that NGC 3203 has no discernabl e 
vertic al colour gradient. Ide Criis. Peletier fc van der Kruitl ’s 
il997li A'-band data also suggest a change in the steepness 
of the vertical light distribution near the centre, contrary 
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to most galaxies in their sample. Because of the particu¬ 
lar shape of the K' light profiles along cuts parallel to but 
offset from the major-axis, wh ich display a charac teristic 
plateau and secondary maxima. iLiitticke et al 1 (l200(tl argue 
that NGC 3203 is barred. 

While little is known about the dynamics of NGC 3203, 
except for the ionize d-gas kinematics present ed here and the 
stellar kinematics of IChung fc BurearJ ll200'dl . the latter also 
argue that the B/PS bulge of NGC 3203 is due to an edge-on 
bar viewed nearly end-on. 

NGC 3203 has many possible companions within R = 
0.5 Mpc, but none with a known similar redshift: NGC 3208 
(SAB(rs)bc; AV ~ 470 km s“^; R = 0.5 Mpc) has a rather 
high systemic velocity. NGC 3203 was not detected by IRAS 
or in H I, but new improved HI observations will appear in 
a future publication (in preparation). 


4 DISCUSSION 

4.1 Incidence of gas counter-rotation 

iBertola et al.l lll992ll presented the first rigorous statisti¬ 
cal study of counter-rotating or strongly kin ematically de- 

S ’ed ionized gas in disc galaxies (see also IBertola et alJ 
. They identified 3 gas counter-rotators in a sam¬ 
ple of 15 bright and nearby SOs with extended ionized-gas 
(20 ± 10% for 1 standard deviation assuming a binomial dis¬ 
tribution), suggesting that at least 40% of such objects may 
have acquired their gas externally (assuming randomly ori¬ 
ented infall). Given that pre-existing co-rotating gas (e.g. 
due to stellar mass loss) will tend to decrease the fraction 
of observed counter-rotating systems (due to shocks and the 
associated loss of angular momentum), the true fraction of 
objects with significant external gas accretion is probably 
even higher. Although it does not change th eir conclusions, 
it is worth noting that IBertola et all lll992ll missed the gas 
counter-rotation in NGG 128 and that the gas distribution 
and kinematics in NGC 2768 is more nearly perpendicular 
to t he major-axis i Pried fc Illingworthlll994ll . 

iKuiiken et alHl99til ‘ later studied a sample of 28 highly 
inclined SOs galaxies in a variety of environment, search¬ 
ing for counter-rotating stars. While no new system with 
counter-rotating stars was found, 4 of the objects displayed 
counter-rotating ionized-gas. This is 14 ± 7% of the entire 
sam ple or 24 ± 10% of the ob j ects w ith detected emission. 

iKannappan fc Fabricanj ^2001^ also searched for bulk 
counter-rotating ionized-gas in a sample of 67 galaxies from 
all morphologica l types, extracted from the Nearby Field 
Galaxy Survey d.Tansen et al ]HqO) to have both stella r 
and ionized-gas rotation curves available llKannapparJ20o'ill . 
Those galaxies are generally fainter than in the above studies 
but better represent the local galaxy population. A total of 4 
E/SO gas counter-rotators were found, representing 7 ± 3% 
of the entire early-type sample or 24 ± 10% of those with 
both stellar and ionized-gas rotation curves. If only galaxies 
currently classified as SOs in NED are considered (includ¬ 
ing E/SO and SO/a galaxies), the fractions become 6 ± 4% 
and 18 ± 12%, respectively. Only one example of peculiar 
kinematics was found amongst 38 Sa-Sbc spirals, although 
in all cases the authors correctly argue that the number of 
counter-rotating objects identified represents a rather strin¬ 
gent lower limit. 


IPizzella et alJ ^2004^ searched for counter-rotation in a 
sample of 50 relatively bright and nearby SO/a-Scd galaxies 
for which major-axis stellar and ionized-gas kinematics are 
available from the literatu re (using similar observations and 
data analysis methods; see jBertola et al.ll996l:JCorsini e t all 
I 1999 I : I Vega Beltran et ^ l20(Bl ~ lGorahi^tairl200^ . They 
detect 2 gas counter-rotators only (they ignore the appar- 
ent counter-rotatio n in the outer disc of NGC 7213; see 
ICorsini et al ]|2 oo3i . all of which are SOs according to NED, 
for a fraction of 4 ± 3%. If only galaxies currently classified 
as SOs are considered, the fraction becomes 20 ± 13%. The 
low fraction of counter-rotators in intermediate and late- 
type spirals in this and the above study probably simply 
reflects again the fact that, in those systems, the counter¬ 
rotating gas is swept away by the dominant co-rotating one 
(independently of its origin). 

In the current work, we detect 3 galaxies with counter¬ 
rotating ionized-gas in a sample of 30 objects. This repre¬ 
sents 10 ± 5% of the entire sample, but the objects cover 
the morphological types SO-Sbc rather inhomogeneously, as 
they were primarily selected to cover a wide range of B/PS 
bulge morphologies. If we restrict ourselves to the objets 
classified as SOs in NED, the sample decreases to 14 but 
the 3 counter-rotating objects remain. They thus represent 
a fraction of 21 ± 11% of all the SOs, or 27 ± 13% of those 
where ionized-gas was detected. Those fractions are slightly 
higher than the aforementioned studies, presumably because 
of the better quality of the data, but they are consistent 
within the errors. 

Merging the 5 samples discussed above, and keeping 
only galaxies currently classified as SOs in NED, we obtain 
a sample of 94 objects. Correcting obvious kinematic mis¬ 
takes from the recent literature, but not carrying out a full 
literature search for each object, we find that 34 of those 
do not have detectable ionized-gas. Of the 60 objects that 
do, it is counter-rotating in 14. The fraction of objects with 
counter-rotating ionized-gas is thus 15 db 4% for the entire 
SO sample, or 23 ± 5% for the objects with detected ionized- 
gas only. Those fractions are again consistent with previous 
studies, but the errors have shrunk significantly. 


4.2 Gas infall versus minor mergers 

External gas acquired by a disc galaxy will generally set¬ 
tle in the equatorial plane, but it can also settle in the 
meri dional one, forming a polar-ring or polar-disc structure 
(ej[jTol2luie_jM4ujiseD|[l98^ [Steiman-Cameron fc DuriserJ 


I1982U Christodouloi^^L^TO2^ . Once equilibrium has been 

reached, those configurations lead to co- or counter-rotating 
and perpendicular kinematics, respectively. Although the 
(normalised) cold and warm gas content of polar-rings is 
much higher than that of counter-rotators (the latter being 
similar to normal galaxies), this probably reflect different 
dynamical evolutions rather than different ori gins (i.e. mas¬ 
sive self-gravitating polar-rings can be stable; SDarkelll986l : 


lArn^ol^ J^.SBarl3L1994t |b etton^^l ]l2001aFr 

lBroccE^^e^mifc^allettarilM97ir studied the environ¬ 
ment of polar-ring galaxies and found it to be normal, in 
the sense of the closeness, size, and likelihood of interac¬ 
tion with nearby objects. Interestingly, there is at least one 
similarly-sized companion near almost all objects. An anal¬ 
ogous study of galaxies with counter-rotating gas or stars by 
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iBettoni, Galletta fc Prad3 i2001lJ) (who also considered the 
local density of galaxies on different spatial scales) finds sim¬ 
ilar results. While, superficially, this seems to indicate that 
counter-rotating material does not originate from recent in¬ 
teractions, it may also simply indicate that counter-rotation 
develops in rather standard conditions, and that the spe¬ 
cific characteristics leading to counter-rotation (e.g. specific 
orbital configurations) are not captured by the coarse pa¬ 
rameters considered. 

From the ionized-gas statistics discussed above, exter¬ 
nal gas accretion is clearly a widespread phenomenom in 
SO galaxies. A similar conclusion can be reached from an 
anal ysis of their neutral hydrogen (Hi) and dust content 
fe.g. IWardle fc Kna,r)tTlll98(1 : lForheall90lh . The question re¬ 
mains, however, whether the external gas is accreted slowly 
and continuously (gas infall) or sporadically in lumps (minor 
interactions and mergers). _ _ 

Using numerical simulations, iThakar fc Rydeiil (Il99fill 
argue that gas infall is best suited for the creation of massive 
counter-rotating discs in spirals. Indeed, as long as it is not 
too clumpy and its infall rate is not too high, infalling gas 
will not unreasonably disturb and thicken the pre-existing 
galactic disc, while its angular momentum will determine the 
scalelength and formation time-scale of the counter-rotating 
disc. Furthermore, the clumpier the infalling gas, the smaller 
the counter-rotating disc (due to dynamical friction). 

For a successful merging scenario, the satellite galaxy 
should be significantly less massive and dense than the host, 
otherwise a more spheroidal syst em will emerge and/or the 
disc wil l significantly thicken (e.g.lHemfluistJ^^arneJlQSI; 
B.mej_[l99jj_J(^urrm^jfang ujst^r^tfiiara I Il99.?l: fBeM 
^9^ ~ lBEdceUs^^Gony^e3^99^ . While this is ill-suited for 
the formation of massive counter-rotating discs (as the merg¬ 
ing time-scale is long and many such eyents are require d to 
build up the mass; see, again, iThakar fc Rydeiil 1199611 . it 
is probably befitting for the formation of the majority of 
counter-rotating discs which are spatially limited and thus 
(presumably) rather light, especially if the merging satellites 
are gas dominated. 

We do not separate here between events where the satel¬ 
lite galaxies actually merge and events where simple tidally- 
induced transfers of material take place, since those are of a 
similar nature. It is nevertheless clear that tidally-induced 
gas accretion without merging is easier to reconcile with the 
requirement of keepin g the host galaxy disc cold. B ased on 
numerical simulations iBournaud fc Combe'3 J2nn3ll also ar¬ 
gue in favor of accretion rather than merging in the case of 
polar-rings. 

The presence of (likely) companions near all three 
galaxies discussed here, and the apparent disturbed struc¬ 
ture of the counter-rotating gas in at least two of them, 
suggest that the counter-rotating gas was indeed accreted 
in one or perhaps at most a few discrete events. Other 
auth ors argue along si milar lines for different objects 
(e.g. iHavnes et alJ 1200(11 for Sa galaxies). Based on the 
paucity o f plausible nearby compa n ions f or their counter¬ 
rotators, iKannappan fc Fabrican^ i200ir) argue against 
tidally-induced mass transfer and favor (single) mergers, but 
they recognize that possible culprits may be hard to identify. 
In fact, the higher H 2 /HI ratio observed in counter-rotating 
spirals (compared to polar-rings and normal galaxies) ar¬ 
gues for the accretion of external material, as there should 


be increased atomic to molecular gas conversion near the co - 
to counter-rotating transition region llBettoni et al ]|20^. 

HI synthesis observations may actually represent the 
best hope of identifying “smoking gun” evidence for exter¬ 
nal gas accretion, since both faint galaxies and tidal features 
are most easily detected in H I. Data for a significant number 
of ionized-gas counter-rotators may thus go a long way to¬ 
ward identifying the origin of the counter-rotating material 
(or at least ruling out some possibilities). HI synthesis ob¬ 
servations of the current sample of 3 counter-rotators have 
already bee n acquired and will be discussed in future publi¬ 
cations (e.g. IChimg et al.1l200fil for NGC 1596). 

4.3 Counter-rotating gas and bars 

Given that the counter-rotating gas in NGG 128, NGC 1596 
and NGC 3203 was discovered d u ring a study of B/PS 
bulges, in which IChune fc Bureaul (l2004l argued that the 
B/PS bulges of all three galaxies are in fact thick edge-on 
bars, it is worthwhile to ask if the counter-rotation itself 
might help us understand the structure, formation and evo¬ 
lution of those bulges. 

As argued above, it is likely that the counter-rotating 
gas in all three galaxies was accreted from nearby objects 
during tidal interactions. It is thus entirely possible that the 
bars argued to be at the origin of the B/PS bulges were trig¬ 
gered by those same interactions. Indeed, it has been firmly 
established through numerical simulations that bar forma¬ 
tion can be triggered or accelerated by gravitational inter¬ 
actio ns (e.g. |Noguclj^^;[Ger in. Combes fc Athanassoulal 
Il99rt iMiwa fc Nom^^illl998^ . Standard bar-driven evolu- 
tion (e.g. gas inflows, buckling, redistribution of angular mo¬ 
mentum) may then take over, most likely driving the galax¬ 
ies toward earl ier types and the bulges toward boxy and 
peanut shapes. iMihos et al.l (ll995^ in fact present a simu¬ 
lation where a galaxy satellite is acccreted, triggering the 
formation of a bar which subsequently evolves into a B/PS 
bulge. Such a scenario is thus possibly at play in NGC 128, 
NGC 1596, and NGC 3203. The same interactions might 
also trigger bar formation in the satellite galaxies, if they are 
not accreted or destroyed in the process. This may in fact 
be the case in NGC 1596’s companion NGC 1602, which is 
also barred. Independently of bar-driven evolution, it is of 
course also possible that minor mergers will lead to bulge 
growth and disc thickening, again driving the host towards 
earlier types. 

The counter-rotating gas discs may also provide an 
independant test as to whether NGC 128, NGC 1596, 
and NGC 3203 are truly barred. Indeed, only rotat¬ 
ing triaxial potentials possess stable counter-rotating pe¬ 
riodic orbits which are inclined with respect to the 
equatorial plane (e.g., the so-called anomalous orbits ; 
Magren^-JlilSji—iHdsler, Merritt fc Schwarzschildl Il982l : 
Mulder fc Hooimeveiiri984^ . If the counter-rotating gas in 
the three galaxies is settled, as seems to be the case in 
NGC 128 and possibly in N GC 1596, then i t must lie in 
such a configuration (see also . Using 

integral-field spectroscopy, lEmsellem fc Arsenault (Il997ll 
clearly showed that this is the case in NGC 128, thus sup¬ 
porting the barred origin of its B/PS bulge, but NGC 1596 
and NGC 3203 lack both integral-field spectroscopy and 
narrow-band imaging. 
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Although the above argument has not received much at¬ 
tention in the literature, integral-field and Fabry-Perot ob¬ 
servations clearly show that the counter-rotating ionized- 
gas discs in the (n e arly) edge-on SO galaxies NGC 4546 
Plana^.eL-a]J [199^ ISarri el^lJ |2Q05|) and N GC 7332 

pian^7^BouIesteb3^9^ ~ lF^c6n^an^o et al llimi) are 

also inclined, although they are al so rather disturbed . Both 
are believed to be barre d (e.g. ISandage fc Bedk3 Il994 

iFalcbn-Barroso ~ IDIio^b _ 

W e also note that iFriedlil Jl99fil and iDavies fc Hunter! 
^1997^ discuss the development, evolution and kinematic sig¬ 
natures of counter-rot ating bars in the presence of counter¬ 
rotating stars (see also ISellwood fc Merrittlll994^ . 


5 CONCLUSIONS 

Using our previous studies of the ionized-gas and stellar 
kinematics of a relatively large sample of 30 edge-on disc 
galaxies with (mostly) boxy and peanut-shaped (B/PS) 
bulges, we have identified two new galaxies (NGG 1596 and 
NGC 3203) where the ionized gas is counter-rotating with 
respect to the bulk of the stars. We have also confirmed simi¬ 
lar kinematics in one additional object (NGC 128). Counter¬ 
rotating gas is thus present in 10 ± 5% of our entire sample. 
However, if only lenticular (SO) galaxies are considered, the 
fraction climbs to 21 ± 11%. This fraction further climbs 
to 27 ± 13% if only SOs with extended ionized-gas are con¬ 
sidered. As discussed at length in the text, those fractions 
are consistent with but slightly higher than the few existing 
systematic studies available in the literature. Merging those 
studies, fractions of 15 ± 4% and 23 ± 5% are obtained for, 
respectively, all SOs and SOs with ionized-gas only. 

Based on the presence of probable companions near the 
galaxies discussed here, we argued that minor mergers and 
tidally-induced transfer of material from nearby objects are 
primarily responsible for the counter-rotating gas. If accre¬ 
tion on to the objects is isotropic, similar processes must 
have been at work in roughly twice the fractions of objects 
discussed. This strongly argues for a non-negligible role of 
(minor) accretion in galaxy formation and evolution. 

The presence of counter-rotating gas in barred galaxies 
offers a number of largely unexplored ways to probe the 
structure and dynamics of those objects. In edge-on galaxies 
in particular, where counter-rotation is easiest to detect, it 
offers an independent way of testing the barred nature of 
B/PS bulges. 
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